A BSTRACT
Background Patients with clinically localized, intermediate-or high-grade non-Hodgkin's lymphoma usually receive initial treatment with a doxorubicincontaining regimen such as cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP). Pilot studies suggest that eight cycles of CHOP alone or three cycles of CHOP followed by involved-field radiotherapy are effective in such patients.
Methods
We compared these two approaches in a prospective, randomized, multi-institutional study. The end points were progression-free survival, overall survival, and life-threatening or fatal toxic effects. Two hundred eligible patients were randomly assigned to receive CHOP plus radiotherapy, and 201 received CHOP alone.
Results
Patients treated with three cycles of CHOP plus radiotherapy had significantly better progressionfree survival (P=0.03) and overall survival (P=0.02) than patients treated with CHOP alone. The five-year estimates of progression-free survival for patients receiving CHOP plus radiotherapy and for patients receiving CHOP alone were 77 percent and 64 percent, respectively. The five-year estimates of overall survival for patients receiving CHOP plus radiotherapy and for patients receiving CHOP alone were 82 percent and 72 percent, respectively. The adverse effects included one death in each treatment group. Life-threatening toxic effects of any type were seen in 61 of 200 patients treated with CHOP plus radiotherapy and in 80 of 201 patients treated with CHOP alone (P=0.06). The left ventricular function was decreased in seven patients who received CHOP alone, whereas no cardiac events were recorded in the group receiving CHOP plus radiotherapy (P=0.02). ATIENTS with intermediate-or high-grade non-Hodgkin's lymphoma can be cured with doxorubicin-containing combination chemotherapy. 1 The cure rate varies according to several pretreatment prognostic variables, including the stage of disease. 2 Chemotherapy cures most patients with localized disease (stage I or II), but only P about 30 to 40 percent of patients with advanced disease (stage III or IV). 1, 3 Two strategies for treating localized intermediateand high-grade histologic subtypes of lymphoma have emerged in the past 15 years: chemotherapy alone with a doxorubicin-containing combination regimen such as cyclophosphamide, doxorubicin, vincristine, and prednisone (CHOP), administered for six to eight cycles, or a short course of chemotherapy (usually three cycles of CHOP) followed by involved-field radiotherapy. 4 The presumed advantages of chemotherapy alone are the avoidance of longterm complications of radiotherapy and the higher total doses of systemic therapy, which increase the potential for eliminating microscopic sites of disease. The possible benefits of a short course of chemotherapy followed by radiotherapy are the reduction in the risk of cardiac toxicity due to the lower total dose of doxorubicin administered, the use of two mainly non-cross-resistant treatments, and the administration of radiotherapy directly to sites of detectable disease. There is no convincing evidence in favor of either strategy. 3 Consequently, in 1988 the Southwest Oncology Group began a prospective, randomized trial to compare these two widely used treatments.
Conclusions

METHODS
Patient Selection
This study (Southwest Oncology Group Study 8736) enrolled patients with biopsy-proved intermediate-or high-grade nonHodgkin's lymphoma (working-formulation groups D through J), excluding patients with lymphoblastic lymphoma. 5 Histologic specimens were evaluated by independent expert reviewers. All patients had stage I, stage IE (including bulky disease), nonbulky stage II, or nonbulky stage IIE disease. Bulky disease was defined as a mediastinal mass with a maximal diameter exceeding one third the maximal chest diameter or any other mass 10 cm or more in maximal diameter. For staging of their disease, all patients underwent a physical examination, chest radiography, computed tomography of the abdomen and pelvis, and bone marrow biopsy; measurement of serum aspartate aminotransferase, total 22 · July 2, 19 98
The New Eng land Jour nal of Medicine bilirubin, alkaline phosphatase, and lactate dehydrogenase; and peripheral-blood counts. Assignment of the Ann Arbor stage was based on clinical findings and tumor measurements obtained before excisional biopsy. 6 All the patients were ambulatory, and no patient had a history of congestive heart disease or another cancer, symptoms or findings compatible with central nervous system involvement with lymphoma, or any prior treatment for lymphoma. At the time of randomization, patients were stratified according to age (»65 years vs. <65 years), stage (I vs. II), and histologic subtypes (diffuse large-cell [working-formulation groups G and H] vs. all other eligible histologic subtypes, including follicular large-cell, diffuse small-cleaved-cell, diffuse mixed small-and large-cell, and diffuse small-noncleaved-cell [working-formulation groups D, E, F, and J, respectively]), site of disease involvement (gastrointestinal tract vs. all other sites), and whether all visible and measurable tumors were resected. All patients gave written informed consent according to institutional guidelines.
Treatment
Patients were randomly assigned to receive eight cycles of CHOP alone or three cycles of CHOP followed by radiotherapy. The CHOP regimen was the standard regimen, consisting of cyclophosphamide (750 mg per square meter of body-surface area, given as a 15-minute intravenous infusion on day 1), doxorubicin (50 mg per square meter, given intravenously in a bolus over a period of 1 to 2 minutes on day 1), vincristine (1.4 mg per square meter [maximal dose, 2.0 mg], given intravenously in a bolus over a period of 1 to 2 minutes on day 1), and prednisone (100 mg daily, given orally on days 1 to 5). 1 The CHOP cycles were repeated at 21-day intervals. Involved-field radiotherapy began three weeks after the third cycle of CHOP for the patients assigned to receive three cycles of CHOP plus radiotherapy. The radiotherapy doses ranged from 4000 to 5500 cGy. The total dose was determined by the treating radiotherapist; patients receiving higher doses generally had clinical evidence of residual disease after having received 4000 cGy (the majority of patients received 4500 to 5000 cGy). The daily dose varied from 180 to 200 cGy. The radiotherapy ports included all visible sites of disease determined before biopsy and treatment with CHOP. The treatment plans were reviewed by an independent radiotherapist before treatment was initiated.
Statistical Analysis
All eligible patients were included in comparisons of treatment. Life-table estimates of outcome used the Kaplan-Meier method. 7 Progression-free survival was measured from the time of randomization until progression of disease, relapse, or death from any cause. Overall survival was measured from the time of randomization until death from any cause. Comparisons were adjusted for stratification factors by Cox regression, and all tests were twosided. 8, 9 The hazard ratios for progression-free survival and overall survival were estimated by Cox regression. 9 Patient characteristics and toxic effects were compared between groups by the chi-square test. Toxic effects and responses to therapy were coded according to standard Southwest Oncology Group guidelines.
RESULTS
Patient Characteristics
Between March 1988 and June 1995, 442 patients were registered for the study. Of these, 41 were not eligible, mainly because their biopsies showed low-grade histologic features (24 patients). All 401 patients who were eligible for the study were included in all analyses; 201 patients were assigned to receive eight cycles of CHOP alone, and 200 patients were assigned to receive three cycles of CHOP plus radiotherapy. The clinical characteristics of the patients are summarized in Table 1 . These characteristics correspond to those of the international prognostic index, except that patients with stage I disease and those with stage II disease were classified separately. 2 There were no patients with more than one extranodal site of disease, a variable used in the international prognostic index, because patients were selected for stage I or II disease. The modified international prognostic index used in this study tabulated the total number of high-risk features applicable to each patient, including age greater than 60 years, stage II disease, increased serum lactate dehydrogenase concentration, and decreased performance status. Risk was assigned according to the number of adverse prognostic features. Table 1 also shows patients categorized according to risk group with the international prognostic index modified for stage.
The two treatment groups did not differ in clinical characteristics or risk categories. For all 401 patients, the median age was 59 years, and diffuse large-cell lymphoma (working-formulation groups G and H) was the most common histologic subtype (75 percent of all patients). Other subtypes included follicular large-cell, 10 percent; diffuse small-cleaved-cell, 2 percent; diffuse mixed small-and large-cell, 6 percent; and diffuse small-noncleaved-cell, 6 percent (working formulation groups D, E, F, and J, respectively). Extranodal sites of disease were found in 150 of the 401 patients (37 percent). 
Response to Treatment
All visible tumors were resected as a consequence of the diagnostic biopsy before the start of treatment in 116 patients (58 patients in each treatment group). There was a complete response (resolution of all visible tumors) in 210 of 285 patients with residual disease after the biopsy (74 percent). There were 104 complete responses in 143 patients treated with CHOP alone (73 percent) and 106 complete responses in 142 patients treated with CHOP plus radiotherapy (75 percent).
Survival
Patients treated with three cycles of CHOP plus radiotherapy had significantly better progressionfree survival than patients treated with eight cycles of CHOP alone (P=0.03) (Fig. 1) . The estimated hazard ratio for the CHOP-alone group as compared with the CHOP-plus-radiotherapy group was 1.5 (95 percent confidence interval, 1.0 to 2.2). The five-year estimates of progression-free survival for patients treated with CHOP plus radiotherapy and CHOP alone were 77 percent and 64 percent, respectively. Similarly, overall survival was better for patients treated with CHOP plus radiotherapy than for those treated with CHOP alone (P=0.02) (Fig. 2) . The estimated hazard ratio for the CHOP-alone group as compared with the CHOP-plus-radiotherapy group was 1.7 (95 percent confidence interval, 1.1 to 2.7). The five-year survival estimates for patients treated with CHOP plus radiotherapy and CHOP alone were 82 percent and 72 percent, respectively. The median follow-up for patients still alive was 4.4 years for these analyses.
Progression-free survival and overall survival also varied according to the risk groups established according to the stage-modified international prognostic index, when all patients were considered regardless of treatment (P=0.02 and P=0.01, respectively) ( Fig. 3 and 4) . The five-year estimates of progression-free survival were 77 percent (95 percent confidence interval, 72 to 83) for patients with zero or one risk factor, 60 percent (95 percent confidence interval, 48 to 72) for patients with two risk factors, and 34 percent (95 percent confidence interval, 13 to 55) for patients with three risk factors. Only two patients had four risk factors, and both died of recurrent lymphoma. The five-year estimates of overall survival according to the number of risk factors were 82 percent (95 percent confidence interval, 77 to 87) for patients with zero or one risk factor, 71 percent (95 percent confidence interval, 60 to 83) for patients with two risk factors, and 48 percent (95 percent confidence interval, 27 to 69) for patients with three risk factors. Table 2 summarizes the toxicity of the two treatments. Two patients died as a result of treatment. One patient treated with CHOP alone died of sepsis associated with neutropenia, and one patient treated with three cycles of CHOP plus radiotherapy died Percentage with Progression-free Survival The most common cause of life-threatening toxic effects was myelosuppression from chemotherapy, which caused grade 4 neutropenia (absolute neutrophil count, <500 per cubic millimeter) in 71 patients treated with CHOP alone (35 percent) and 54 patients treated with CHOP plus radiotherapy (27 percent) (P=0.09). Symptoms or signs of congestive heart failure or more than a 20 percent decrease from base line in the left ventricular ejection fraction occurred in seven patients during treatment with CHOP alone but in no patients during treatment with CHOP plus radiotherapy (P=0.02).
Toxicity
Thirty-one patients did not complete the assigned regimen; 28 of these patients were assigned to CHOP alone and 3 to CHOP plus radiotherapy (P<0.01). These patients were removed from the protocol at the discretion of the treating physician (20 patients) or at their own request (11 patients). For 29 of these 31 patients, the initiating event was a toxic reaction. The most common and serious toxic effects were sepsis (nine patients) and decreased left ventricular function (seven patients). The 28 patients assigned to CHOP alone received from one to seven cycles of chemotherapy (median, four), and nine received subsequent radiotherapy.
DISCUSSION
Our results indicate that three cycles of CHOP followed by involved-field radiotherapy are superior to eight cycles of CHOP alone as treatment for localized stages of intermediate-and high-grade non- Years after Randomization Hodgkin's lymphoma. The design of the study derives from a long history of exploratory trials. Before 1980, patients with clinically localized non-Hodgkin's lymphoma were treated with radiotherapy; the five-year survival rates were 56 to 100 percent for patients with stage I disease and 0 to 55 percent for patients with stage II disease. [10] [11] [12] [13] [14] [15] The wide ranges are probably due to the selection of patients, with higher five-year survival rates in series that used aggressive staging techniques, including surgery. 12, 13 Since 1980, localized non-Hodgkin's lymphoma has usually been treated initially with doxorubicincontaining chemotherapy, because Miller and Jones 16 found that CHOP not only was effective but also obviated the need for surgical staging. Subsequent single-institution and cooperative-group series, in which chemotherapy was used for localized disease, with or without consolidation radiotherapy, reported five-year rates of relapse-free survival of 94 to 100 percent for stage I disease [17] [18] [19] [20] and 72 to 78 percent for stage II disease. 17, 18, 20 Current practice is to treat patients with localized intermediate-and high-grade non-Hodgkin's lymphomas initially with doxorubicin-containing chemotherapy, but the role of consolidation radiotherapy is unknown. 21 Radiotherapy is effective for disease confined to treatment fields and can cure some patients. Connors et al. 18 have argued that radiotherapy is an effective consolidation treatment and permits a reduction in the total dose of chemotherapy required, a potential advantage for elderly patients with reduced myocardial reserve. Our study shows that radiotherapy is valuable not only in reducing the number of courses of chemotherapy, but also in producing superior overall survival and progression-free survival. These results, combined with the preliminary report by Glick et al. 22 (who studied a group that included patients with bulky stage II disease), suggest that radiotherapy is an important component of treatment for clinically localized lymphomas.
We selected patients for treatment using criteria previously thought to assure a homogeneous population. Of our 401 patients, 350 (87 percent) were considered at low risk according to the criteria of the international prognostic index. 2 Furthermore, 395 of the 401 eligible patients (99 percent) were in the two lowest risk groups of the international prognostic index. However, we found considerable heterogeneity in outcome among prognostic groups when patients were separated into those with stage I and those with stage II disease. This modification of the international prognostic index results in five-year estimates of progression-free survival of 77 percent for patients with zero or one risk factor and only 34 percent for patients with three risk factors (Fig. 3) . It is apparent that outcome analyses of patients with "localized" lymphoma who are lumped without regard to important prognostic features are inadequate, and that future studies will have to account for extreme heterogeneity among patients with localized lymphoma by using a stage-modified international prognostic index.
The patients in this trial had more frequent and more severe toxic reactions than the patients in phase 2 trials of the same regimens. 17, 18, 20 Although only two patients died while receiving treatment (one in each treatment group), life-threatening toxic effects were common, occurring in 40 percent of the patients treated with eight cycles of CHOP and in 30 percent of the patients treated with three cycles of CHOP plus radiotherapy. The most frequent toxic effect, neutropenia, followed treatment with CHOP in both treatment groups.
Our study was conducted during the years when granulocyte growth factors came into clinical use, and the complications of neutropenia may be mitigated in future trials with the use of these factors. Even so, there remains the disconcerting finding of myocardial toxicity associated with eight cycles of CHOP chemotherapy. Left ventricular function, usually associated with clinical symptoms of congestive heart failure, decreased substantially in seven patients who received eight cycles of CHOP chemotherapy. The finding is underscored by the fact that seven patients treated with eight cycles of CHOP but only two treated with three cycles of CHOP plus radiotherapy subsequently died of apparent heart disease. The apparent excess mortality from heart disease among patients receiving eight cycles of CHOP may be due to the older age of the patients we treated and the relatively high survival rate, which allows time for cardiac complications to become manifest. Longer follow-up may also reveal serious, and frequently fatal, complications of radiotherapy. [23] [24] [25] Supported in part by cooperative-agreement grants from the National Institutes of Health (CA387926, CA32102, CA13612, CA46282, CA-04919, CA22433, CA20319, CA12644, CA04920, CA46441, CA27057, CA42777, CA46113, CA35281, CA42028, CA28862, CA35261, CA-58861, CA45377, CA37981, CA58686, CA35431, CA45807, CA58416, CA35090, CA45807, CA32734, CA46136, CA35128, CA35119, CA-35176, CA52772, CA58348, CA12213, CA45560, CA45466, CA58882, CA45450, CA35178, CA16385, CA52654, CA58415, CA35192, CA-46368, CA35262, CA58723, CA52771, CA63850, and CA52654).
